Amnesic patients (n = 9) and normal subjects (n = 12) read lists of unique words, repeated words, unique nonwords, and repeated nonwords as quickly as possible. In the first experiment both groups of subjects read the lists of repeated items fester than the lists of unique items and improved at the same rate within each list. In the second experiment, subjects read four new lists of items and then reread the same four lists after a 10-min delay. The results replicated the findings from the first experiment and demonstrated in addition that the facilitated reading speed persisted across the delay. These results show that the acquisition of novel verbal information can be supported by nondeclarative (implicit) memory. It is suggested that facilitated reading speed for words and nonwords reflects changes in early-stage perceptual systems and that these changes occur independently of the brain structures damaged in amnesia.
Recent studies of the organization and neurological foundations of memory have emphasized the important idea that memory is not a unitary ability but is composed of several separate systems (Hintzman, 1990; Schacter, 1987; Squire, 1982; Tulving, 1985) . One system subserves declarative memory and provides the basis for explicit, conscious recollections about previous encounters or previously acquired facts. This capacity is thought to depend on an interaction, which begins at the time of learning, between neocortex and the hippocampus and related structures Squire, Shimamura, & Amaral, 1989; .
In contrast, nondeclarative (implicit) memory supports skill acquisition, priming, and the development of dispositions through conditioning. In these cases, behavior is changed as a result of experience and is expressed implicitly through performance, without requiring the conscious recollection of any previous events. Recent work has identified separate anatomical substrates essential for several forms of nondeclarative memory (Butters, Heindel, & Salmon, 1990; LeDoux, 1987; Packard, Hirsh, & White, 1989; Thompson, 1986; Wang, Aigner, & Mishkin, 1990) .
Despite the differences between these forms of memory, it is difficult in practice to study one in isolation from the other. One strategy for isolating nondeclarative memory from the influence of declarative memory is to study human amnesia. Amnesia is associated with identifiable lesions in the hippocampal formation and related structures (Damasio, 1984; Squire, Amaral, & Press, 1990; Victor, Adams, & Collins, 1989 ; Zola-Morgan, Squire, & Amaral, 1986) , and it selectively impairs recall, recognition, and other measures of declarative memory (Cohen, 1984; Schacter, 1987; Shimamura, 1989; Squire, 1987; Weiskrantz, 1987) . Because this impairment is seldom, if ever, absolute, amnesic patients can score at above chance levels on recognition memory tests for recently presented material. Nevertheless, their performance is impaired relative to that of normal subjects* (Cohen & Squire, 1980; Musen, Shimamura, & Squire, 1990; Schacter, Cooper, Tharan, & Rubens, 1991) . Whenever declarative memory contributes to performance, amnesic patients should perform less well than control subjects; indeed, provided that floor and ceiling effects are not operating, performance should never be fully normal. Accordingly, a rinding of entirely normal performance provides strong evidence that a task does not depend materially on declarative memory.
Amnesic patients can acquire several kinds of skills at a normal rate, including perceptuomotor skills (Brooks & Baddeley, 1976; Nissen & Bullemer, 1987) , perceptual skills (Cohen & Squire, 1980) , and cognitive skills (Squire & Frambach, 1990 ). For example, amnesic patients acquired at a normal rate a serial reaction task in which they learned a repeating pattern of finger movements corresponding to the sequential location of four lights on a screen (Nissen & Bullemer, 1987) . Speeded reading tasks show that amnesic patients acquire item-specific information in the course of acquiring a reading skill, not simply a generic ability to read quickly (Moscovitch, Winocur, & McLachlan, 1986; Nichelli, Bahmanian-Behbahani, Gentilini, & Vecchi, 1989) . In one study, reading speed improved with repeated readings of the same passage, but the facilitation was specific to the practiced text and did not transfer to new material .
One important question is whether skill learning or other forms of nondeclarative memory can involve the acquisition of entirely novel information, or whether such learning is always based on the activation of preexisting knowledge. In studies involving normal subjects, several lines of evidence suggest that nondeclarative memory can support the acquisition of novel information based on nonwords, even after single encounters. For example, normal subjects showed priming of nonwords in several variations of the perceptual identification paradigm (Cermak, Talbot, Chandler, & Wolbarst, 1985; Feustel, Shiffrin & Salasoo, 1983; Salasoo, Shiffrin, & Feustel, 1985) . In addition, normal subjects showed priming of nonwords in a lexical decision task that required them to decide whether a presented item was or was not an English word (Scarborough, Cortese, & Scarborough, 1977; Smith & Oscar-Berman, 1990) .
Several recent reports also suggest that normal subjects can show priming for novel nonverbal information. For example, normal subjects drew previously presented novel line figures more accurately than new line figures, and this facilitation occurred independently of the ability to recognize the line figures as familiar (Musen & Treisman, 1990) . Similarly, normal subjects exhibited priming of unfamiliar visual objects (Kroll & Potter, 1984; Schacter, Cooper, & Delaney, 1990) and priming for symmetrical polygons (Kersteen-Tucker, 1991; for review, see Schacter, 1990; Schacter, Delaney, & Merikle, in press ).
Currently, the evidence concerning the acquisition of novel information in amnesia is not so clear. Although amnesic patients exhibit normal perceptual priming, word-completion priming, and lexical decision priming for familiar material such as words (Cermak et al., 1985; Graf, Squire, & Mandler, 1984; Smith & Oscar-Berman, 1990 ); priming has usually not been found in amnesic patients for novel material such as nonwords (Cermak et al., 1985; Diamond & Rozin, 1984; Smith & Oscar-Berman, 1990 ; but see Gordon, 1988) or new associations Mayes & Gooding, 1989; ; but see Cermak, Blackford, O'Connor, & Bleich, 1988 , for a single-case study and Schacter and Graf, 1986 , for evidence from "mild" amnesic patients).
In contrast to these largely negative findings, amnesic patients did exhibit normal shifts in cognitive judgment following a single presentation of novel material (nonfamous names; Squire & McKee, in press ). In addition, amnesic patients were reported to exhibit priming for novel nonverbal material (Gabrieli, Milberg, Keane, & Corkin, 1990; Musen & Squire, 1991) . Finally, amnesic patients were recently found to exhibit normal priming of novel objects (Schacter et al., 1991) . As a group, these findings are difficult to interpret. One complication is that a number of different paradigms have been used to assess priming for unfamiliar material, and some paradigms may encourage declarative memory strategies more than others. Thus, when amnesic patients fail to exhibit effects that can be observed in normal subjects, one must consider the possibility that the normal subjects succeeded by relying on declarative memory strategies not available to amnesic patients. Parallel studies of amnesic patients and normal subjects are needed using tests that do not rely substantially on declarative memory.
Skill-learning paradigms are potentially useful for testing whether nondeclarative memory can support the acquisition of entirely novel information. In skill learning, performance improves gradually during training, and the performance of normal subjects across many trials provides a rigorous standard against which to compare the performance of amnesic patients. In the present study, we built on previous findings that reading speed improves with repeated presentations of the same text. In this case, we investigated the effects on reading speed of repeated presentations of polysyllabic words and nonwords. Speeded reading would not be likely to draw on explicit memory strategies because subjects were asked to read as quickly as possible. Indeed, attempts to decide whether an item is a word or a nonword, or a repeated or a unique item, should retard rather than improve reading times. Accordingly, improvement in reading speed across repeated items provides a useful measure of nondeclarative memory. A finding of entirely normal performance by amnesic patients would provide strong evidence that nondeclarative memory can support facilitated reading of both words and nonwords. In the first experiment, we asked whether amnesic patients improved their reading speed when given multiple encounters with the same words or nonwords and whether improvement occurred at the same rate as in normal subjects.
Experiment 1
Method Amnesic patients. We tested nine amnesic patients (Table 1) . Seven of the patients had been tested extensively in our laboratory, and two patients (PH and LJ) are described here for the first time. Patients were selected who had shown no evidence of slowness on previous tests in which they had participated.
Three of the patients had alcoholic Korsakoff s syndrome. They had participated in a magnetic resonance (MR) imaging study , or in a quantitative computed tomography (CT) study (Shimamura, Jemigan, & Squire, 1988) , which demonstrated marked reductions in the volume of the mammillary nuclei, reduced thalamic density, and frontal lobe atrophy. Of the 6 other patients, 3 (LM, JL, and PH) had bilateral hippocampal pathology that was identified with MR imaging (for LM and JL; Press, Amaral, and Squire, 1989; for PH, unpublished observations) . Patient LM became amnesic in 1984 following a respiratory arrest that occurred during an epileptic seizure. JL became amnesic gradually during a period of about 2 years (from early 1985 to early 1987); his memory impairment has remained stable since that time. Patient PH had a 6-year history of frequent 1-to 2-min "attacks" (of possible epileptic origin) in association with gastric symptoms and transient memory impairment. In July 1989 he suffered a series of attacks that resulted in marked and persisting memory impairment. MR imaging indicated reduced size of the hippocampal formation bilaterally, particularly in the posterior third. Two amnesic patients (NA and MG) had diencephalic lesions confirmed by MR imaging (for NA; Squire, Amaral, Zola-Morgan, Kritchevsky, & Press, 1989; for MG, unpublished observations) . Patient NA became amnesic, primarily for verbal material, following a stab wound to the left diencephalic region with a miniature fencing foil (Teuber, Milner, & Vaughan, 1968 61.7 Note. WAIS-R = Wechsler Adult Intelligence Scale-Revised; WMS-R * Wechsler Memory ScaleRevised. The WAIS-R and each of the five indices of the WMS-R yield a mean score of 100 in the normal population with a standard deviation of 15. The WMS-R does not provide numerical scores for subjects who score below 50. Therefore, the value below 50 was scored as 50 for computing a mean score. appear in Table 1 . Immediate and delayed (12-min) recall of a short prose passage averaged 4.9 and 0 segments, respectively (21 segments total; Gilbert, Levee, & Catalano, 1968) . Scores on other memory tests appear in Table 2 . Note that the scores on the word recall test in Table 2 are above zero because on this test of immediate recall several items can be retrieved from immediate memory, which is intact in amnesia. In addition, the mean score on the Dementia Rating Scale (Mattis, 1976) was 134.4 points (maximum = 144, range = 125-143), with most of the points lost on the memory subportion of the test (6.0 points). The average score on the Boston Naming Test (Kaplan, Goodglass, & Weintraub, 1983) was 55.1 (maximum = 60, range -48-59). Scores for normal subjects on these same tests can be found elsewhere (Janowsky, Shimamura, Kritchevsky, & Squire, 1989; Squire etaL, 1990) .
Healthy control subjects. Five men and 7 women served as a control group for the amnesic patients. They were either employees or volunteers at the San Diego Veterans Affairs Medical Center or were retired employees from the University of California, San Diego. They averaged 61.4 years of age (range 51-71), had 14.4 years of education (range 12-17), and obtained WAIS-R subtest scores of 21.7 for Information (compared with 20.1 for the patients) and 57.3 for Vocabulary (compared with 55.9 for the patients). Immediate and delayed recall of the short prose passage was 8.8 and 6.2 segments, respectively. (Osterrieth, 1944 ; maximum score = 36). The average score for copying the figure was 26.5, a normal score (Kritchevsky, Squire, & Zouzounis, 1988) . The paired associate score is the number of word pairs recalled on three successive trials (maximum score = 10/trial). The word recall score is the percentage of words recalled out of 15 across five successive study-test trials (Rey, 1964) . The word recognition score is the percentage of words identified correctly across five successive study-test trials (yes/no recognition of 15 new words and 15 old words). The score for words and faces is based on a 24-hr recognition test of 50 words or 50 faces (modified from Warrington, 1984 ; maximum score = 50, chance = 25). The mean scores for normal subjects shown for these tests are from Squire and Shimamura (1986) . Note that NA is not severely impaired on nonverbal memory tests because his brain injury is primarily left unilateral.
Table 2 Performance on Standard Memory Tests
Patients VF PN RC NA MG JL LM PH U M Controls (n -8) Diagram recall 8 2 3 17 0 1 U 3 3 5.3 20.6 Paired associates 0-0-0 1-1-1 0-0-3 0-0-2 0-0-2 0-0-0 1-1-3 0-0-1 0-0-0 0.2-0.2-1
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Materials. Two hundred and fifty-eight low-frequency words ranging from 7 to 12 letters in length were used as stimuli (105 were used as words, 105 were transformed into pronounceable non words, and 48 were used as abstractor items on a recognition memory test). The 105 words were used to construct a list of 100 unique words and a second list of 100 repeated words in which 5 different words appeared a total of 20 times each (easygoing, dramatics, inoculate, corduroy, and paganism). In the list of repeated words, each of the 5 words always appeared once before any words repeated, and a repetition occurred after an average of 4.0 words.
The 105 non words were constructed by replacing one letter in each syllable of a real word to make a pronounceable letter string. These 105 nonwords were then used to construct a list of 100 unique nonwords and a second list of 100 repeated nonwords, just as was done for the real words. (The 5 repeated nonwords were locapic, skultion, dimaligion, edniptuse, and ganisper.) In the list of repeated nonwords, a repetition occurred after an average of 4.0 nonwords. Each of the four 100-item lists (unique words, repeated words, unique nonwords, and repeated nonwords) was presented on 8% x 11 in. (21.59 x 27.94 cm) paper in an arrangement of three columns of 33, 33, and 34 items, respectively.
Two recognition memory tests were also constructed. One used 24 words from the unique-words list and 24 new words; the other used 24 nonwords from the unique-nonwords list and 24 new nonwords. The recognition tests were two-alternative, forced-choice tests.
Procedure. To demonstrate the reading task, subjects were first given four practice items to read aloud (2 words and 2 nonwords that did not appear on any of the lists). Subjects were then asked to read each list of 100 items aloud from beginning to end without hesitation. Reading proceeded from the top of the leftmost column to the bottom, then from the top to the bottom of the middle column, and finally from the top to the bottom of the rightmost column. The order of presentation of the four lists (repeated or unique, words or nonwords) was counterbalanced across subjects. Subjects were told to read as quickly as they could but not so quickly that they would not understand what they were reading. They were specifically encouraged not to read so fast that they would skip items as they read through the list. The interval between lists was just long enough to remind subjects to read as quickly as possible (5-10 s). All readings were taped with a tape recorder.
After the subjects finished reading all four lists, they were given two recognition memory tests for the words and nonwords. Each test consisted of 24 pairs of items. Subjects were asked to circle which item in each pair had appeared on the lists they had just read. The recognition test for real words was always administered before the test for nonwords.
The time to read each list was measured using the MAC-RE-CORDER software in conjunction with a Macintosh computer. The MAC-RECORDER digitizes tape-recorded speech. A subject's digitized speech was first presented visually and aurally on the computer. The rater could then identify boundaries of spoken speech and could record reading times between boundaries of interest. Two different measures were obtained: the time needed to read the entire list and the time needed to read each block of 5 items. (The reading times for each 5-item block were subsequently combined into 10-item blocks for the purposes of data analysis.) To obtain the first measure, the rater began the measurement at the point where the first utterance appeared and stopped at the point where the final utterance was completed. The computer then generated a reading time for the list. The margin of error was approximately 0.05 s because the boundaries of digitized and aural speech could not be discriminated within this interval. This procedure was followed to obtain reading times for each subject for all four lists.
To measure the reading times in 5-item blocks, the rater began measuring at the beginning of the first utterance of the first block and stopped at the end of the fifth utterance. For the remaining blocks, the measurement began at the end of the preceding block and continued to the end of the fifth item in the block. Speech was spliced out, and not measured, if the subject interrupted reading with questions or with extraneous noises (e.g., a cough, sneeze, or laugh). These interruptions were infrequent, however, and occurred an average of only 2.1 times across the four lists for amnesic patients and an average of 0.8 times for control subjects. Speech was retained, and included in the measure of reading time, if the subject repeated words or nonwords or if the subject uttered sounds that seemed to be part of the natural reading process (e.g., "uh" or M er").
Results
Figure 1 presents the data for normal subjects and amnesic patients. The top panel shows the total time required to read each of the four 100-item lists. A three-way analysis of variance (ANOVA) indicated that words were read more quickly than nonwords, F{1, 19) = 130.1, p < .001, and that the lists of repeated items were read more quickly than the lists of unique items, F\l, 19) = 87.7, p < .001. Amnesic patients and normal subjects performed similarly (F < 1.0). There was also a significant interaction of Words-Nonwords x Repeated-Unique, which indicated that the advantage of repeated over unique items was greater for nonwords than for words, F(\, 19) = 14.19, p < .005. There were no other significant interactions (F& < 1.0). To determine how reading time changed during the course of reading each 100-item list, the data were also analyzed in 10-item blocks (Figure 1 , lower 4 panels). According to separate two-way ANOVAs (a separate analysis was carried out for each of the four data sets in Figure  1 ), repeated items were always read more rapidly than unique items (Fa >25,ps< .001). Also, across blocks, reading speed always improved more for repeated items than unique items (interaction of Item Block x Repeated-Unique, Fs > 7.3, ps < .001). Additional inspection of the data revealed that the amnesic patients and the control subjects differed from each other only in that, for the reading of repeated words, the amnesic patients improved somewhat more than the control subjects, interaction of Group X Item Blocks, F{9, 171) = 2.30, p<.05. The amnesic patients performed significantly worse than the control subjects on the recognition memory tests both for words, r(19) = 2.25, p < .05, and for nonwords, r(19) = 2.74, p<.01;see Figure 2 ).
Discussion
Both amnesic patients and control subjects read repeated lists of words and nonwords more quickly than unique lists of similar items. The finding that amnesic patients performed as well as normal subjects shows that facilitated reading speed for nonwords does not require the use of declarative (explicit) memory. By contrast, impaired performance was readily detected on the recognition memory test. Indeed, although the amnesic patients did score above chance levels, the impairment was striking and easy to detect. In view of the fact that impaired declarative memory is easy to detect in amnesia, any task supported significantly by declarative memory should be impaired to some extent provided that floor and ceiling effects are not operating. Accordingly, the finding that amnesic patients performed entirely normally indicates that improved reading speed for repeated lists is not supported significantly by declarative memory. An additional important finding was that the amount of priming was greater for nonwords than for words, which suggests that preexisting memory representations for familiar words were not being accessed during the reading of nonwords. Accordingly, the results suggest that nondeclarative memory can support the acquisition of novel information and need not depend on the activation of preexisting memory structures.
Experiment 2
This experiment was designed to determine whether the improvement in reading speed for repeated words and nonwords in Experiment 1 that was exhibited by both amnesic patients and control subjects might depend on immediate memory, which is intact in amnesia. Accordingly, we asked subjects once again to read lists of words and nonwords and then to read the same lists again after a 10-min, distractionfilled interval. The question of interest was whether the facilitation in reading speed persisted across this 10-min interval (i.e., whether the first block of items in the second set of lists was read faster than the first block of items in the first set of lists). In addition, we used two different lists for each type of material (unique words, repeated words, unique nonwords, and repeated nonwords), and these were counterbalanced across subjects. Two sets of materials were used to rule out the possibility that improved reading speed might be due to item effects, as opposed to learning from repetition.
Method
Subjects. The same 9 amnesic patients were tested as in Experiment 1. Twelve different healthy control subjects (6 men and 6 women) were also tested. All were employees or volunteers at the San Diego Veterans Affairs Medical Center or were retired employees from the University of California, San Diego. As a group, the control subjects averaged 62.7 years of age (range 52-72), had 13.9 years of education (range 10-18), and obtained WAIS-R subtest scores of 21.0 for Information and 56.2 for Vocabulary. Immediate and delayed (12-min) recall of a short prose passage (Gilbert et al., 1968) averaged 7.2 and 5.9 segments, respectively.
Materials. Eight new lists were constructed using the methods described in Experiment 1 (two lists of 100 unique words, two lists of 100 repeated woids, two lists of 100 unique nonwords, and two lists of 100 repeated nonwords). Within the lists of repeated words and repeated nonwords, repetition occurred after an average of 4.2 items. Two recognition memory tests were also constructed, just as was done in Experiment 1. One of the amnesic patients (VF) was not given the recognition memory tests.
Procedure. The procedure was identical to Experiment t with two exceptions. First, two sets of lists were used instead of one. Half the subjects received one set of lists, and the other half received the other set of lists. As in Experiment 1, the order of presentation of the four lists (repeated or unique, words or nonwords) was counterbalanced across subjects. Second, subjects read the four lists twice instead of once. Specifically, subjects first read all four lists, and then after a 10-min interval (filled with conversation) they read the same four lists again in the same order. Subjects were then given two tests of recognition memory as described in Experiment 1. We measured the total time to read each list and the time to read each block of five items within each list Subjects interrupted themselves infrequently. For the amnesic patients, speech was spliced out and not measured an average of 1.6 times across the 8 lists; for the control subjects, speech was spliced out an average of 0.4 times.
Results
Figure 3 presents the data for normal control subjects and amnesic patients who read four 100-item lists on one occasion and then read the same four lists again 10 min later. The results for the first reading of the lists replicated the findings of Experiment 1. Words were read more rapidly than nonwords, repeated items were read more rapidly than unique items, and the amnesic patients performed similarly to the control subjects (three-way ANOVA: Words-Nonwords x Repeated-Unique X Group). As in Experiment 1, there was a significant interaction of Words-Nonwords X RepeatedUnique, F(\, 19) = 61.4, p < .001. In addition, for each of the four data sets shown in Figure 3 , reading speed always improved more for repeated items than unique items (separate two-way ANOVAs: interaction of Item Block x RepeatedUnique, Fs > 5.0, ps < .001).
To determine whether facilitated reading speed for repeated words and nonwords persisted across the 10-min delay, we first compared reading times for the first block of items in the second reading with the reading times for the first block of the items in the first reading. In addition, we compared reading times for the first block of items in the second reading to the final block of items in the first reading. Each of the four sets of data (control subjects and amnesic patients, words and nonwords) was examined separately.
These data can be summarized by stating that facilitated reading speed persisted across the 10-min delay except in the case of the reading of repeated words by control subjects (Figure 3, upper left panel) . In this case, only a modest improvement of reading speed was observed across the 10 blocks of the first reading, 9.3 s for the 1st block, 7.5 s for the 10th block; f(ll) = 3.0, p < .05, and 10 min later reading speed had slowed to 9.0 s, (9.0 s vs. 9.3, t < 1.0). In the other three cases, the facilitation that developed during the first reading clearly persisted across the delay. Thus, for the reading of repeated words by amnesic patients, the improvement achieved during the first reading, 10.0 s for the 1st block, 7.0 s for the 10th block, /(8) = 3.3, p < .01, persisted across the 10-min delay, 7.5 s for the 1st block of the second reading; 7.5 s versus 10.0, f(8) = 3.2, p < .01; 7.5 versus 7.0, /(8) = l.l f p>.10.
Facilitated reading of nonwords was also retained across the 10-min delay. Control subjects read the 1st block of the first reading in 14.8 s, the 10th block in 9.2 s (14.8 versus 9.2, = 4.5, p < .001), and then read the 1st block of the second reading in 11.0 s (14.8 versus 11.0, t[\\] -3.5, p < .01). Similarly, amnesic patients read the 1st block of the first reading in 17.2 s, the 10th block in 9.3 s (17.2 versus 9.3, r[8] = 5.6, p < .001), and then read the 1st block of the second reading in 11.1 s (17.2 versus 11.1 s, *[8] = 4.8, p < .001). As Figure 3 shows, both the control subjects and the amnesic patients exhibited some diminution of the facilitation across the 10-min delay (i.e. from the 10th block of the first reading to the 1st block of the second reading, control subjects: 9.3 vs. 11.0, t[\ 1] = 3.0, p < .01; amnesic patients: 9.3 vs. 11.1, The amnesic patients performed significantly worse than the control subjects on the recognition memory tests for both words, f(18) = 2.8, p < .05, and nonwords, r(18) = 3.3, p < .01; see Figure 4 .
Discussion
This experiment demonstrated that the facilitated reading speed for words and nonwords exhibited by amnesic patients did not rely on immediate memory. The facilitation persisted nearly unchanged across a 10-min delay. Additional data indicated that the improvement in reading speed was specific to the actual items read. This point was demonstrated by placing an additional five items at the end of each list during the second reading. For the repeated words, unique words, and unique nonwords, the extra block consisted of five new items. For the repeated nonwords, five new items were reconstructed by recombining the syllables of the repeated nonwords. For example, locapic and skultion became locapion and skultic. The result was that the reading times for these five nonwords returned to the original reading times recorded during the first block of the first reading. Normal subjects read the five repeated nonwords in 7.2 s the first time they were presented, in 4.5 s at the end of the second reading, and then slowed to 8.3 s when the syllables were recombined to form new nonwords. For the amnesic patients, the corresponding times were 8.2 s, 4.2 s, and 9.2 s. Thus, the nonwords were acquired as units, and breaking the unit disrupted reading times.
General Discussion
These experiments show that nondeclarative (implicit) memory can support the acquisition of novel information based on nonwords. Amnesic patients improved their reading speed for both repeated words and repeated nonwords at the same rate as normal subjects. In another recent study, amnesic patients showed normal shifts in judgment following single encounters with nonfamous names (Squire & McKee, in press ). These two studies together provide strong support for the idea that implicit memory can support the acquisition of new information, not just the activation of preexisting knowledge.
The new information that was acquired was specific to the actual items read. In Experiment 2, five new items placed at the end of the second reading slowed reading times to the initial level recorded during the first block of the first reading. Because recombining syllables in the nonword list disrupted reading times, the repeated nonwords must have been acquired as coherent units.
The present findings with amnesic patients are consistent with the results of several recent studies of normal subjects that also suggest that implicit memory can support the acquisition of novel information. These studies include demonstrations of nonverbal priming for line figures (Musen & Treisman, 1990) , unfamiliar visual objects (Kroll & Potter, 1984; Schacter et al., 1990) , and symmetrical polygons (KersteenTucker, 1991) . In addition, shifts in judgment occur after brief exposures to novel shapes (Bonnano & Stilling, 1986; Mandler, Nakamura, & Van Zandt, 1987; Zajonc, 1980) or nonfamous names (Jacoby, Woloshyn, & Kelley, 1989; Squire & McKee, in press) . In most of these cases, additional evidence was available to suggest that declarative (explicit) memory did not make an important contribution to the effect.
Earlier studies of the ability of amnesic patients to acquire novel information led to inconsistent conclusions, depending on the paradigm. With the notable exceptions of a single-case study involving amnesic patient HM (Gabrieli et al., 1990) and two other recent studies demonstrating normal priming for novel material in amnesic patients (Musen & Squire, 1991; Schacter et al., 1991) , the evidence has seemed to indicate that amnesic patients do not acquire novel information. For example, in one early and influential study using a perceptual identification paradigm (Cermak et al., 1985) , it was concluded that amnesic patients did not show priming of nonwords. However, in this study it is likely that normal subjects were advantaged by being able to use declarative memory strategies. First, only 5 old items (out of 10 presented for study) and 5 new items were presented on the test of perceptual identification. Each test item was presented initially for 35 ms, after which the exposure time was increased in 10-ms steps until the item could be correctly identified. Repeated presentation of this small number of items may have allowed normal subjects to extract some information from each exposure and encouraged them to recall the correct word from the study list. Second, the amnesic patients probably did exhibit some priming for nonwords. Specifically, old nonwords were identified with 18 ms less exposure than new nonwords (for normal subjects this difference was 55 ms). Although 18 ms is a small difference in exposure time (it was not reported whether it was statistically significant), it is noteworthy that in the same study the significant finding of priming for words was based on an exposure difference of 10 ms for the amnesic patients and 6 ms for the control subjects.
We would offer the same interpretation for a second early study that also concluded that priming in amnesic patients does not occur for nonwords (Diamond & Rozin, 1984 , which was based on material reported in Rozin, 1976) . In this study, amnesic patients showed no appreciable tendency to complete three-letter stems (e.g., NUM
) to form recently presented nonwords (e.g., NUMDY). However, in this study subjects were working under cued-recall instructions (i.e., explicit memory instructions). It is doubtful that either normal subjects or amnesic patients have an appreciable tendency to produce nonwords under implicit memory instructions (e.g., complete the stems to form the first item that comes to mind). However, normal subjects should be capable of recalling nonwords from memory.
Other studies have found that amnesic patients do not exhibit priming of novel information based on unrelated word pairs Mayes & Gooding, 1989; . However, normal subjects do show priming of new associations in the same paradigm (Graf & Schacter, 1985) . In order to exhibit priming of new associations, subjects may need to access a link between the words that was formed declaratively at the time of study. Normal subjects can form this link, but amnesic patients cannot. This interpretation accounts for the finding that the ability of amnesic patients to prime new associations is significantly correlated with measures of residual declarative memory as well as the finding that priming of new associations was detectable in "mild" amnesic patients (Schacter & Graf, 1986) .
Finally, it has been reported that amnesic patients are unable to show lexical decision priming for nonwords (Smith & Oscar-Berman, 1990 ; but see Gordon, 1988) . This task is different from perceptual identification in important ways. Several authors have suggested that lexical decision tasks are not ideal for measuring nonword priming because initial presentation of a nonword increases its familiarity with the result that a subsequent presentation of the same nonword might be rejected more slowly and less accurately than new nonwords (Feustel et al., 1983; McKoon & Ratcliff, 1979) . Perhaps for this reason lexical decision priming of nonwords in normal subjects has not been reliably observed across studies. For example, in one study, normal subjects did show nonword priming of lexical decision (Smith & Oscar-Berman, 1990) . In other studies, nonword priming was observed only after short lags (0 or 1) between the first and second presentations of the same item (Bentin & Moscovitch, 1988; Kersteen-Tucker, 1991) . Thus, when lexical decision priming for nonwords is found in normal subjects, the effect appears transient and unstable. Schacter (1990) and Tulving and Schacter (1990) proposed that perceptual priming depends on early-stage perceptual representation systems that are specialized for the presemantic processing of structural descriptions and word forms. Recent studies using positron emission tomography (PET) identified a left posterior brain region that is activated by the silent reading of both words and nonwords, but not by the reading of unpronounceable letter strings or nonlinguistic symbols (Petersen, Fox, Snyder, & Raichle, 1990) . These findings provide evidence for the similar treatment of words and nonwords at the presemantic level. Which perceptual systems support priming in any particular case probably depends on exactly how priming is tested. For example, recent visual field studies of word-stem completion priming in normal subjects indicate that, when words are presented in the same modality and also in the same typecase at study and test, priming is supported more by the right hemisphere than the left hemisphere (Marsolek, Kosslyn, & Squire, 1991) .
This finding suggests that the right hemisphere is more important than the left when priming is based on specific visual forms, including single words. We performed an additional test to determine whether facilitated reading of words and nonwords by normal subjects is form-specific. After reading a list of repeated words or nonwords in lowercase letters just as in Experiment 1 of the present study (100 times with five items repeated 20 times each), subjects immediately read the same list again in uppercase letters. There was no detectable decrement in reading speed when subjects began reading items in different typecase (6.4 s vs. 6.1 s for the 10th block of words in lowercase and the 1st block of words in uppercase; 9.6 s vs. 9.8 s for the 10th block of words in lowercase and the 1st block in uppercase). Accordingly, the list-reading skill studied here is unlikely to depend predominantly on the right cerebral hemisphere.
Previous research with normal subjects has provided evidence for the implicit learning of nonwords, novel line patterns, and novel visual objects. The present study shows that amnesic patients can also acquire new information implicitly, at least when the task requires only perceptual analysis of the new material. These findings with amnesic patients, who have severely impaired declarative memory, provide particularly strong evidence that implicit (nondeclarative) memory can support the acquisition of novel information and that such learning need not be based on the activation of preexisting knowledge. Previous reports that amnesic patients failed to exhibit nonword priming may be explained by the fact that normal subjects were advantaged by relying on declarative memory (Cermak et al., 1985; Diamond & Rozin, 1984) . Intact learning of novel information in amnesia may occur readily in amnesia and is likely due to changes in perceptual representation systems that process information earlier than, and independently of, the brain structures required for declarative memory.
